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@ Hardenable resin composition. 



@ Hardenable resin compositions useful in forming hard permeable masses in remote locations or 
zones, comprise a hardenable poiyepoxide resin, one or more substantially water immiscible diluents 
present in said resin composition to lower the viscosity thereof, and a hardening agent comprised of the 
adduct formed by reacting an aliphatic amine with the condensation reaction product of epichlorohyd- 
rtn and btephenoi A. 
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Thi» invention relates to a hardenaWe resin composition. 

I ^ ^^Iton^Mftil for consolidating particulate materials into hard permeable masses have been 
M* coated Itanrth «• •"^•22S^tI?£ZIl». prcduc* .I™*™,. Tta tart P» 

ticulate mass between a well bote and • PASSES n to harden An alternative technique has been 

™ rSlS^l^i^-^"""' « th. ~* o»»o*on „ ..mart lo to~ 

The above^es^beoresm oo J" particulate material Is coated with the resin compo- 

ticulate material m ^^^l^^^Z^ to n can be used to deposit the resin coated 
sitlon and suspended in ^hecarri- ^lllSnS Sdrocirtx,n producing formation and a well bore where- 

material In the producing formation with hydrocarbon. pn> 
? 3!l2i!?T^^ staining resin coated particulate materia, can also 

duced therefrom. The gen in subterranean formation fracturing wherein the fractures are 

^u^h!dTSLntinuouely forming and suspending coneolidatible resin coated particulate material inagaH- 
eZe^^ 

to to be eoMdhtaM lare compositions useful In forming hard permeable masses in remote 

5 As mentioned above hardenaWe ™ ,n ""J*™ continuously forming and suspending 
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solldated hove been known and used heretofore. U.S. Patent No. 4,829,100 to which reference should be made 
for further details, discloses such resin compositions and methods. However, the hardening agents most com- 
monly utlized In the resin compositions used for carrying out the methods described In Patent No. 4,829,100, 
i.e., hardening agents including methylene dianllne, present several problems. The most severe problem is 
s that methylene dianiline has been found to be a carcinogenic materia! and therefore it constitutes a hazard to 
personnel. 

Another problem with the use of hardening agents comprised of methylene dianiline is that methylene dia- 
niline is incompatible with other components utilized in subterranean formation completion and stimulating 
fluids. For example, gelled fracturing fluids often include delayed gel breakers of the oxidative type such as 

10 sodium pereulfate. Methylene dianiline adversely reacts with such oxidative compounds to diminish or extin- 
guish their ability to function as gel breakers. 

Aliphatic and cycloallphatic amines are well known in the art as hardening agents for epoxy resins. Such 
amines are readfly available and produce excellent hardening results. However, aliphatic and cycloallphatic 
amines are either soluble in water or form emulsions in water whereby they do not function well in the presence 

1$ of water. That is, the solubility or emulsifying tendencies of amines in water tends to cause amines when used 
as hardening agents to be separated from the resin thereby diminishing the resin hardening process caused 
thereby. 

The hardening agents of the Improved resin compositions and methods of the present Invention are com- 
prised of certain adducte of aliphatic or cycloallphatic amines. The adducte do not prevent the amines from 
20 producing rapidly hardened epoxy resins of excellent strengths, but they do obviate the problems associated 
with water solubility or emuisif (cation described above. 

An improved hardenable resin composition of the present Invention is comprised of a hardenabie polyep- 
oxide resin, one or more substantially water immiscible diluents present in the resin composition In amounts 
sufficient to lower the viscosity of the composition to a desired level and a hardening agent comprised of an 
25 adduct formed by reacting an aliphatic or cydoaliphatic amine with the condensation reaction product of epi- 
chlorohydrin and bisphenoi A. The term "aliphatic amine" Is used hereinafter to mean cycloallphatic amines 
as well as straight or branched chain amines. 

While a variety of aliphatic amines can be utilized, preferred amines are those selected from the group 
consisting of ethylene diamine, Methylene tetramine, tetraethytene pentamine, bis-(p-aminocydohexyl) me- 
30 thane, the diamines and diamines of cydopentane and the diamines and triamines of cyclohexane, e.g., 1 ,2- 
diamino cydohexane and 1 ,4-dlamino cydohexane. Of these, Methylene tetramine, 1,2-diamino cydohexane 
and 1,4-diamino cydohexane are more preferred with 1 ,4-dlamino cydohexane being the most preferred. 

The adducte of the aliphatic amines are prepared by pre-reacting a selected amine with the reaction prod- 
uct of epichlorohydrin and bisphenoi A The condensation reaction product of epichlorohydrin and bisphenoi 
35 A can be represented as follows: 

CH, 

2 CHjOCHC^Cl + HO-Q-C-^-OH - 
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epichlorohydrin | 

CH, 

bisphenoi A 



O CH, O 

CH^-^ - CH 2 - " CH 2 - Cfl^-^Hj + 2 CI 

CH, 

When the condensation reaction product of epichlorohydrin and bisphenoi A is reacted with an aliphatic 
amine, the adduct of the amine is formed. When the amine is, for example, 1 ,4-dlamino cydohexane, the ad- 
duct formation reaction can be represented as follows: 
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- CH, - 0^c|#O - CH, - C^-\ - 



1,4-dian.ino cyclohexane ^ 



OH OH 
- A - CH, - - CH, - CH - CH, - HH-Q-NH, 



H^I^>HH - CH, - CH - CH, - O-^-C 

CH, 



blsphanolF Is aa follows: 



dWyddyl «n««1.«-l«»Jol of tMm tutyl tfyddyl ath-r and cmol glyeldyl 

of compounds having the structural formula: 

0 II B 

1 II H 

R, - C - OR or R, - C - OR,0 - C - R, 

wherein R is CJW, In which n is an intofler In the range of from 1 to about 5; R, Is CJWi whersln 
m is an integer in the range of from 1 to about 4. or R, la 
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wherein y la an Integer in the range of from 1 to about 4 and X is independently H or OH; and R 2 is C.H^ 
wherein a Is an Integer in the range of from 2 to about 5. 

Of the compounds falling within the above-described group, ethyl acetate, butyl lactate, ethyt lactate, amyl 
acetate, ethylene glycol diacetate and propylene glycol dtecetate are preferred. Of these, butyl lactate is the 
6 most preferred. 

The substantially water immiscible non-reactive diluent is generally present in the resin composition in the 
range of from about 4 to about 20 parts by weight per 100 parts by weight of the polyepoxide resin present 
Preferably, the non-reactive diluent is present in an amount in the range of from about 8 to about 15, and most 
preferably, about 10 parts by weight per 1 00 parts by weight of the polyepoxide resin present 

10 Examples of other diluents which can be utilized are methyl alcohol and other tow molecular weight aika- 
nols, tetrahydrofurfuryt methacrylate and ethyl acetate. 

The above-described hardening agent La., the adduct formed by reacting an aliphatic amine with the con- 
densation reaction product of epichlorohydrin and bisphenol A, is generally present in the resin composition 
in an amount in the range of from about 20 to about 150 parts by weight per 100 parts by weight of polyepoxide 

15 resin. Preferably, the hardening agent is present in an amount in the range of from about 40 to about 90, and 
most preferably, about 68 parts by weight per 100 parts of polyepoxide resin. 

The hardenable resin composition can also Include retarders or accelerators as hardening rate controllers 
to lengthen or shorten the working and cure times of the resin composition. Low molecular weight organic acid 
ester retarders such as alkyl esters of alky! acids containing about 2 to 3 carbon atoms can be utilized. Suitable 

20 accelerators include 2,4,6-trlsdlmethylaminomethylphenol, the ethyl hexonate salt thereof and weak organic 
acids such as fumaric, erythorblc, ascorbic, salicylic and maleic acids. When a retarder or accelerator is util- 
ized, it is generally combined with the resin composition in amounts up to about 10 parts by weight per 100 
parts by weight of polyepoxide resin. 

While the above-described hardenable resin composition can be utilized in a variety of applications, it is 

25 particularly suitable for use In oil and gas well completion and stimulation procedures. In such applications, 
the resin is generally utilized to consolidate particulate material, either particulate material admixed with the 
resin composition and introduced into a subterranean zone by way of a well bore or loose or incompetent par- 
ticulate material contained within one or more subterranean formations penetrated by the well bore. In such 
applications, the resin composition preferably also includes a resin to particulate material coupling agent to 

30 promote bonding of the resin to the particulate material. A preferred such coupling agent is N-bete-<aminoe- 
thyl)-gamma-amlnopropyltrimethoxy8aane. The coupling agent generally can be included in the resin compo- 
sition in an amount from about 0.1 to about 2 parts by weight per 100 parts by weight of polyepoxide resin. 

A composition of the present invention useful in forming a hard permeable mass in a remote location, e.g., 
a subterranean formation penetrated by a well bore, is comprised of an aqueous liquid, at least one hydratable 

35 polysaccharide gelling agent the above-described resin composition, particulate material such as sand and 
one or more surface active agents for promoting the coating of the particulate material with the resin compo- 
sition. 

The aqueous liquid can be fresh water, brine or sea water. A variety of hydratable polysaccharide gelling 
agents can be utilized having molecular weights in the range of from about 100,000 to 4,000,000, preferably 

40 from about 600,000 to 2,400,000. Preferably, the polysaccharide polymer gelling agents are cellulose or guar 
derivatives. The polymers Include substituents such as hydroxyethyi to give the necessary water hydration 
and gel characteristics to produce a clear aqueous gel having a viscosity of at least about 30 centipoises (read- 
ing on a Fann V.G. meter at 300 rpm). Preferred such polymers include substituted carboxy and hydroxy alkyl 
cellulose, such as hydroxyethylcellulose and carboxymethylhydroxyethylcellulose, and substituted hydrox- 

46 yalkylguar, such as hydroxypropylguar. The most preferred polysaccharide polymer gelling agent is hydroxy- 
propylguar having a molecular weight in the range of from about 100,000 to about 4,000,000, and having a 
propylene oxide substitution (MS) of about 0.1 to about 0.7 moles of propylene oxide per mole of man nose 
and galactose in the guar. 

The surface active agent for promoting the coating of the particulate material can be one or more cation ic 
so surface active agents or one or more norvcationic surface active agents, or one or more of both. As used herein, 
a no neat ionic surface active agent includes a blend of anionic and non-ionic surface active agents. 

Useful cationic surface active agents include the reaction product of an atcohd, epichlorohydrin and trie- 
thyienediamine wherein monohydric aliphatic alcohols having in the range of from about 12 to about 18 carbon 
atoms are reacted with from 2 to 3 moles of epichlorohydrin per mole of alcohol followed by reaction with an 
55 excess of triethylenediamine. The aicohol-epichlorohydrln reaction product contains an ethoxylatlon chain hav- 
ing pendent chlorides. The subsequent reaction with triethylenediamine provides a cationic and a tertiary 
amine functionality to the resulting product 

The non-cat ionic surfactants are preferably ethoxyiated fatty acids produced by reacting fatty acids con- 
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^ „ atn _o y^th about 5 to about 20 moles of ethylene oxide per 
. mbd»e of trie. •« •» ta 2 a «^ ^^TTSSiSd active agent to a Wend com- 

1 part by weight non-catlonlc agent . ftnanniim fl orBferred surface active agent is a blend 

^the^wnt^^^^^ 

by weight non-cationic agent ^^iHon la comDrised of realn composition coated partic- 

After being prepared, the ^^^^S^raeL^SoS Squkl preferably contains the pdy- 
ulate material upended In a gelled aqueou. i } ^^g^^SLt m lbs of polymer per 1000 
saccharide polymer utilized In an amoun ;ln ^^^^^^^^^otfwm^ 
gal.on.of water, Wr*«sMw^whareby^ ,„c.i,e. from about 

10centlpolsestoabout400csntlpolses Mortpie^ 

can be cmssllnked to Increase ^^^J!*** „ zone where the resin coated particulate material 

zone penetrated thereby adjacenl a nyaroca a ^ tiv eiy thin liquid atthe time the resin coated particulate 
the gelled aqueoua liquid to c ^^^\mS of gel breakers which are well known in the art can 
material reaches ths location of the zone. Whtfe D referred. Such oxidative gel breakers 

be utiized. an oxidative type of breaker such as sodium ^^^^^ 0 .5 pound, to about 50 
are generally induded in trv. composttton ™ ™ unt ^^Tar^ount depends upon thespsciflc 

» position. ^ ^^.ition for use in the above-described composition containing an aqueous 

A specific preferred resin composition a ^ n ™*™T actlva a-nta and the resin composition to 
liquid, a gelling agent, parttajate ^^^^^^g^ composition in an amount 
comprised of an eptohlorohydrin and ^^.V^^^^i. diluent comprised of butyl 
(>f about48% by welgntcf theconip^ substantially water 

• glycidyl ether is present in ths competition in an amount of ^™»™^*n ln an amount 5 about 
immiscible nor^reactivedHuentcomprisedrtbirtJ Jartjto ' h ^^^J^^^no cydohexane with 
6% by weight Ahardening ^^^^^^^^2^ the res* composition in 
theM nden«tto^ 

an amount of about 35% by weigni. an n \ * ' h taht and an accelerator comprised of the 

« agent Is present in the composition In an , amcunt J J-^JJ^^SE * an amount of about 
ethylhexonat. salt of ^f*?^ of about 200 centipoises. a working 

position it has a ^^^7£^Z£*?&^ ..quid composition containing 

inaccordattcaw^the^ 
resin coated particulate material is corrtinuo^fyfo^d ar^ ^r«por ^^g^ agent of the 

aqueous liquid to spared inj .storage , »^'^ w ^ dJcrTbed above 

^p.<^bad above w^hfr^h^ 

to prepared n a ^arato ^^^^^SL^ streams of ths gelled aqueous liquid, the hard- 
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tinuously pumped from the mixing apparatus to the remote location where the resin coated particulate material 
is to be deposited and consolidated into a hard permeable mass, e.g., a subterranean zone penetrated by a 
well bore. As is well understood by those skSled in the art the zone may first be conditioned by pref lushing 
with a suitable conditioning liquid and/or after flushes may be used to insure uniform placement consolidation 
and maximum permeabiity of the deposited resin coated particulate material. 

In order to further illustrate the compositions and methods of the present invention, the following example 
is given. 

Example 

Tests were performed to illustrate the differences resulting from the use of the compositions of the present 
invention including 1 ,4-diamino cydohexane-bisphend Aadduct hardener and compositions including methy- 
lene dlaniline hardener and unmodified amine hardener. The aqueous gel in ail tests was comprised of 0.5% 
by weight of a commercial guar gelling agent and 2% by weight KCI in tap water. In addition 0.3% by weight 
of a blend of surfactants to promote coating of the mixed epoxy resin onto the sand was included in the gel. 
This blend was approximately 1 8% by weight cocobetaine, 25% by weight isopropand, 29% by weight water, 
10% by weight of a mixed ethoxylated (7 mdes E.O>) phend resin, and 18% by weight isoamyi atcohd. The 
resin compositions which were tested are as follows: 



Resin #1 — fiesin Composition Including Mqthylepe Dianiline 
flardgper 

Bisphenol A epoxy resin 100 parts by weight 

butyl glycidal ether 12 parts by weight 

Silane A-1120 T " (Union Carbide Co.) 2 parts by weight 
TONOX-22 ,M (UN I ROYAL Chemical Co.) 

(eutectic mixture of methylene 

dianiline, i.e., 78% by weight, 

and higher mole weight 

homologues) 35 parts by weight 

methyl alcohol 25 parts by weight 

butyl lactate 6 parts by weight 

ethyl hexanoic salt of 2,4,6, tri- 

(methyl-N-dimethylamine) 6 parts by weight 



Resin #2 — *e*in Composition of the present Invent jloq 

Bisphenol A epoxy resin 100 parts by weight 

butyl glycidal ether 12 parts by weight 

Silane A-1120™ 2 parts by weight 
l-4,diaminocyclohexane adduct of 

bisphenol A epoxy 64 parts by weight 

methyl alcohol 49 parts by weight 

butyl lactate 6 parts by weight 
ethyl hexanoic salt of 2,4,6 tri- 

(methyl-N-dimethylamine) 6 parts by weight 

The ethyl hexanoic salt of 2,4.6 tri(methyl-N-dimethylamine is available from Air Products Co. as a com- 
mercial product (Anchamine K-61B™). 

The bisphenol A resin Is available from Shell Chemical Co. as EPON 828™. The mixture of bisphenol A 
epoxy resin and butyl glycidal ether is available from Shell Chemical Co. as EPON 815™. 
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Resin « - Begi n CsiBBfiSit ioi] Tnnludina 1 j^a^nocyc^Qhexane 

Bisphenol A epoxy resin 
butyl glycidal ether 
Silane A-1120 
1-4 , diarainocyclohexane 
ethyl hexaraoic salt of 2,4,6 trx- 
(methyl-M-eliinethyla»ine) 



100 


parts 


by 


12 


parts 


by 


2 


parts 


by 


15 


parts 


by 


2 


parts 


by 



Procedure 



-* 7 6 06 J °^A^J^S™.lS triathanol amine was used. Also, in soma to*. • ««- 
KSS Sat^^« wa, 0.12 of cc of a 30% by we*ht solutton of aodium 

hydroxide aiidfumaric acid. „„-,( i nto on e or more tubes for consolidation of the sand. 

Tha slurries wara atlrred ^^^^^^^ and. The sand In aach slurry 
The tube, were glass tubes <^^J^^^ n £ p3» and then allowed to cure In a water 
within each tube waa tamped down cl ^ nt u " d *^^ , ! aced ln a separata container in the 120-F 
bath at 120-F for 20 hour.. A separate After curing, the sand conaoH- 

watorbathja^^ 



Table Cf T««* ft«tultS 
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Sodium 
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Breaker in 


Triethanol 
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in slurry 


Compressive 
Strength 


Gel Break 
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Slurry . 




no break 
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no 
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no 
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no 


yes 


yes 


1600 


no break 
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yes 


yes 


100 


no break 
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no 


yes 


no 


900 
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#2 


no 


yes 


yes 


800 
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#2 


yes 


yes 


no 


170 


16 




#2 


yes 


yes 


yes 


600 
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no 


none 


no break 




#3 


no 


yes 
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#3 


yes 


yes 


yes 
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none 
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Claims 

uct of eptehlorohydrln and bisphenol A. 
2. A composition according to Calm 1 . wherein the amine to ethylene diamine, triethyiene tetramine. tetra- 
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ethylene pentamine, bls(p-aminocyclohexyl) methane, a diamine ortriamlne of cydopentane, or a diamine 
or triamlne of cyclohexane. 

3. A composition according to dalm 2, wherein said amine Is Methylene tetramlne, 1 ,2-diamino cyclohexane 
or 1,4-diamino cyclohexane. 

4. A composition according to claim 1 ,2 or 3 wherein the polyepoxWe resin comprises the condensation re- 
action product of epichlorohydrin and bisphenol A. 

5. A composition acconling to claim 4, wherein said one or more substantially water immiscible diluents in- 
clude a reactive dluent selected from butyl glycldyl ether, cresol glycidyl ether, ally! gtycidyl ether, phenyl 
glycidyl ether, butyl diglycidyt ether, resordnol diglycidyl ether and mixtures of two or more thereof. 

6. A composition according to any of claims 1 to 5, wherein said one or more substantially water immiscible 
dUuents Include a non-reactive diluent selected from compounds having the structural formula: 



wherein R Is CnH^ in which n is an Integer of from 1 to 5; R, is CJ^i wherein m is an integer 
of from 1 to 4, orRi is 



wherein y is an Integer of from 1 to 4 and X is H or OH; and R 2 Is C.H* wherein a is an integer of 



7. A composition according to any of claims 1 to 6, which also include an aqueous liquid in which said hard- 
enable resin composition is dispersed. 

8. A composition according to claim 7, wherein said aqueous liquid Includes a polysaccharide polymer gelling 
agent therein. 

9. A composition according to claim 7 or 8, which is mixed with particulate material suspended in said aqu- 
eous liquid, which particulate material is coated with said resin composition. 

10. A composition according to any of daima 1 to 9, which further indudes one or more surface active agents 
for promoting the coating of particulate material with said resin composition, said one or more surface 
active agents induding a non-cationlc surface active agent comprising at least one member selected from 
ethoxylated fatty adds produced by reacting fatty acids containing from 12 to 22 carbon atoms with from 
5 to 20 mdes of ethyleneoxide per mole of fatty acid, and mixtures of said ethoxylated fatty acids with 
unreacted fatty adds. 



O 

n 

Ry- C - OR 



or 





CH 3 



from 2 to 5. 
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